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Al:lSTRACT 
A doubl e ~lubdiug method, wi th two separut.e pulses of 3H-th.nmdinte ut different do e 
lc,·els. was used for measuring rndioautograph ically the ~ phase duru1100 aud the turnover 
lime of normal human skin. In tl•c gc rminali,·c cell pOJ•Ulation. a mean · IJ lmse ,-alue of 
10 hours and a labeling index of 3.8 to 5.5'7< were found. T hi> cone:>pond> to a mean 
1 u l'nO\'t' r 1 ime of 213 1HJL1r,;. 
CeU kineti .,._ in hurrmn okin ha,·e been exten~ 
sively stuctied by autorudiogra.phic met hoill 
u.si ng 3H thymidine aE a marker of ~ cells i.e. of 
the cells \\·birh a rc syn\.hesizing de&O:>.'}Tibonu ~ 
cleic acid (D:\ AJ prior to entering into mi tosi· 
(1-7)' 
Among 1 be known methods for enduating cell 
rene\l·nl parameter~, the most classical i ~ the 
"wa,·e of labeled mitoses" method alte r Quu:;tler 
and Sher man (8 J. It consist~ in follo\\·ing the 
appearanre of labeled mitotic figu res in tissue 
samples taken ut dJfl'erent Jnten·aJ- after a pulse 
Jabelinrr 1rith 3H i hym.id ine. F rom the cuJYe 
representing the fluctuation .in the time of per~ 
cent of the labeled mitoses, one can e1·aluate the 
duration of G,. :\I and S phase (i.e. respecti,·ely 
pre mitotiC' resting stage, mitosis and D.!\ A syn-
thesi· phase) . If sampling can be pursued long 
enough to co,·er the '\\'hole ·ell c~·cle du ration , 
the appearance of bbcled cells through a second 
mitosis allows the measu rement of the genera-
tion time. Thi~ bo,,.e ,·er may ba rdly JJe per~ 
fo rmed with tissue:; cndo1r ed with a long genera-
tion time. as i::: the case "·itb skin epithelium, 
srnce it would n·quir much too e:\"tensh·c tissue 
samp ling. 1\l ore 'pcrifica_Uy, in human beings 
this represents a scrioui' limitation of the 
method. Lastly, in cl i ni~al stucties, t he possibility 
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of long ~term effecto of 3R rhymidme in<:orpo-
ra1Cd mto D:\A may not be neglected (9). 
ObYiously in vitro b beling appe:.1 rs as an ideal 
means to avoid t lu~ n.;k ]Jfo\·ided the tis·ue 
keep~ its in toi l'O p ro !if e>r;:ni ,.e parameters. T his 
prartieaUy exelude~ in 1•itro u· e of the wa,·e of 
l:.tbeled mttosis · ince ii.. would require too long an 
iocuba 1ioo. Bingle bi.Jcling 11·ould just show Ja-
i.Jeli ug- index nl luc:; i.e. measure of the propor -
tioJJ of cclk which are engaged Ill D'\A syn-
thc~i s . But knowl edg~ of du ration of the D::\A 
synthe:;io phase is eEsential for proper e,·aJua.tion 
of cell w rnm·er ( 10) . 
To utilize a shon incubauon time ( represent~ 
ing ingle sun·in1l of the ti>~ur ) and measure 
the S phase duration we needed a method with 
shor t expcrimemal exposure. T herefore we used 
the double labeling method described independ~ 
em!;- by " 'imber and Quastlcr (11 ) and by 
211:tu rcr et al. ( 1 ~). This consist:; of two separate 
labeling pulses of 3H t hymidine at 1 hour inter~ 
, ·a1; fo!lo"·ed by the examination by ractioauto~ 
gmph of the proportion of cells reached by each 
pube. T IJ.is m:~r be achie1·ed by using either 3H 
and 1-±C th~·Jn.id ine or n,·o differenr doses of 3H 
thymichne. T lw.se doses are chosen in such a way 
tba t tlJCy ea n be r erogn i zed by tl.I.eir effect on 
the grain count m·er the <-ells tl.I.e,v haYe labeled . 
B~ · this met hod a single sample ~1elds the meas~ 
ure of 1 be dura Lion of the S phase together with 
the turnoYer time. T berciore, after ha1ing con~ 
fi rmed 1 h agreement het"·een the results ob~ 
wined in vivo in mice by the double labeling 
techn ique aud by the labeled nli tosis method 
(13), we proposed the use of the former in clini ~ 
cal in ,·estigation· using biops~· samples incu-
bated in t'it1·o. Application of th is method to 
st.ndic-; on ti ' rues from the human digestive 
t ract h:t ,·c been desc ribed pre1·iously (14, 15) a· 
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well no a few m ed.JOdological a~t•cc t ,; ll (j) . :\ 
co rnpa ri ;ou hn:; aJ o been repo rted . usin~ dog 
gastri~ and rt·etru epiihelia. of the ~ pha~<' nlluc:O 
mea,:ured by in l'itru double hlbeling a nd b~· 1 he 
IYaYe of labeled mito>e:O in pivo (11 ). Fair agrc<'-
ment wa" ohscn·cd bet\n'cn the 1\\"0 mellwdR. 
Th<> present work IYfiS un dertaken in o rd!'r to 
apply 1 hr ,:a me m ethodological ap p roar·h 1 o 
studic:; on ccll r enmnd in human skin. 
MATERIAL>' -'-"0 ~IETRO D,: 
Ti •. ,ue prepuraliolt. Sam ples o f normal skin werC' 
ob tai ned irom adults with no derma tologic disease. 
All hwp;ips W('re t!l.ken at 10 A.M . Each s!l.llll'k 
wa:5 eut into S}Jt•t·iru<'* U:o: of approximrudy 1 mm and 
inculx nrd in 25 ml flasks t·ont ltining 2 ml of 
mrdium ( Power n1C'd ium Bl\IE di ploid J>UI'c!tascd 
from Grnrral Bioehemica.l l nc·.. Chagrin Fa lb. 
Ohio) udded 10 10 % tn lf ;pru m and adju.,tt•d to pH 
7.2- 7.4 b,- addi tion of u fp\\' d rops o f 5 ~< ,<odi um 
bic·al'lJOn;,t<· solut ion. Thl:' medium \\':lS huhhkcl 
"·ith C'tll'bD!!<'IJ hPforr elo,ing til~ fl:l:,ks \\'ith rub-
ber l"ilUJlpPt~. In tubation was ca.rried nu t iu ;I ~h: l k­
ing-mllcr-brtth mairnained nl 37" C. Doolol ••-lalw l-
ing wai' performed "-" fo ll ows: t.he ti"S1"' frag nw nt 
wa; im·ubatPtl fir•t in mr·dimn <·ouLa ini n!!' 0.5 
,uC't ·ml of 3E t h~·midi ne ( 5 Ci mmolr· loJli'I'ifit 
ac·t j,·i ty: purchased from th Center of :\uc·le!Ir 
EnNg_, .. :vioL Belgium) . The fir>l in<'uhaticJil "'"' 
prolonu::Pd for 15 minutes after whicU. t ht • ti;-:=:-;\H' 
~Jw<'illi PD.;;; weT£' rinsed in fre=--h ll1t•d ium and intu-
hat{'d for a n additional 60 minute·, in unlal •d <'d 
mpdium. After this ti lll P mten·:tl. n ... ,. \\'('!'{' lllC'U-
b:tH·d for 15 n1inutr·s i n pre::{~nc·(· of .:1 hi~h do::ro 
of 3H th,·midinr (20 ,uCi , ml) . Tl · r~· \\'Pre t lwn 
rin,Pd unrl fixrrl in Bouin ·, fixatj,-, .. II ford I\,, 
PlltUioton in gd-form ''"~ applit'd by clipping ll1< • 
hi;tologir pn•purations in melted rrm tl sion. dilut c·d 
b~- nn rqual \'Olu rne of di><ti ll ed water. Prior to thi · 
.-.:l <•p . the ::p(·fion;::, wen• wa.-;hed for 20 Jninutp:-; in 
5"; pP rrhlo ri c· acid nl 4" C. then in \\'at€'r for c·x-
lr!Irtion of unin•·orporated label. Au toradiographs 
'"' I'!' Pxpo,pd I 0 dn.'·" n t 4-8" C and d ,-plop d in 
DPktol (2 min.l at room temp<mitur . Thr·~- W<'I'C' 
fiX>•d in Koda k R.npid Fixer , rinsrtl in filtPrf'd tup 
water for I !tou r and preoen·cd o1·rrnight in 70% 
akohol. ThP prPfHirations " re th"n stain<"d with 
IIPmatoxl'lin .. o.<in. ddn-drat<'d. cknrr-rl in xl'lol a mi 
finalh· ~ounlc·d in .JJP.X Mounti tH! ~!Pdium 
1!\ l ic.'hmmf'). -
lrder{l rP lotiuu nf llrf' oulrlradiogrn]Jh,.;. T he auto-
radio~ rapltir pn•pur.:.ttionE= are exam ined to dc--
lermin~ the proportion of wpakJr und hctn· ih· Ja-
hPIPd nu('}f'i among thp lahr!Pd I"P ll s in lhP hn"al 
layc·r of ti.P e pidr-rmis. W Pak ly label<·d cells {)\' ~) 
a rP iho " 1\·h ich wcr<' in t hP S phase du rin!( th 
fir,( inc·u!,a tion with the· low dose of 3H tb,·mjd inr 
hu t haw lrfl tl>i.o phnsp durin!): the intr~,-a.l (t) 
""P"-ratin!( thP two labeling pulsPs. Their number 
is p ropo t·t ional to i (equal to 1 hr in tJte prP~•·nt 
f•XpPrimf'nt ~). H enl'ily labeiPCI rells ( N,) a rC' t.ho"r 
whith "·cr<' in S pba>' whil t.hP hi!):h('r do'" of 3E 
thymidjne "'"s vre>ent. Most of t hem were la.-
1 •Pled in part. br the two pu lses since the~· re-
main d in S phase throughout t he whole experi-
nwnt. S phase dtLTa t ion (S) m a.'· be ca lculated 
front th e relu t ionsh ip 
x. = §. (18) 
Xw I 
Tlw n ifc ri n for di><t ing;uishing w n kl~· lnbcled from 
h c: 11 · il~ · labeled cells flt' · cstuhlisbcd in pr·eyiou as-
says hy C'Ornparing t he freq uen<'y histograms of the 
f!I':Iin f'Ou r!l O\'('l' labeled nuclei obtained wi t h a 
~ingle low. or high dose of 3H th~·midine. The 
double labcling material is :tlso PXllmined fo r 
tlll' fi tiurin!!' the labeling iudPx ( LI) i.e . the f-"' r-
l'<'lllal!l' of pulse bheled nuclei umong thr proli fera-
tin· populat ion \\'ilhin the unl nb kd rcll popula-
tion . 1Yi r!J this dal11. one m:n· c:tlc-ulale the 
t-mnon·r tinrr ( T ) of th e germiw;ti,· ropul:ttion: 
s T = -X 100 
Ll 
Fi~run' 1 .-ho'"~ t!l(' fn•quem·y lti<to~rams of 
1 bP grain count di;t.ributiou Ol'('r bl •elc•d nuclei 
oht ninE'd :1ft er :: in .~rlc· lnbdin.!! ll'ith 1 he 1 11·o dose;; 
of 3H thymidint• 11·hiC'h wrrr r ho:'r>n. LC'o ' than 
-W [!rai~ per nurleu.-. a ('e] ] "'"' t·on,id<'red a' 
w!':~kl~- bh•·lr-d (;pp Fig . ~) . ThNC' '" nlt OYPrbp-
ping of 1 hr h('aYily la bel Pel populnt ion m t-his 
re~ion. Thi>< reprr;:enb oni)· 5o/< of 1 he laTter and 
rna~· h e npg]eetf'd , for. in most of the h e;I1·il~· 
labPlrd nu('lei in the doubl hthrlc·d m a tcmtl 
l ooth pul.-r" add 1hri r d'fc('(;; :;o thn t 1hrrc mu~t 
IJ C' a ;dt ift of th whole rli;:trihurion toll·ard.:-
hil!;hrr \ 'll.ill P,< in thn.<e ('Cll;:. 
Contran· to "·h:~ t I ta~ bt·<·n ~t utt·d h~· othr·rs 
(II . t lw la lwling imrnsit~· i, n or "itmla r in pP-
ripheral :md rcntra l :m•:ts of thP ti'>'T!t' frng-
mcnr~. ThE>rrfore. II'!" re5trir·t cd ou r eotmt to thl' 
fi rn 50 basal <'Plls locn tPd nea r tlw eclgP> of tlw 
biops1· ,:ample;:. In t ho;:e limit s 1 bE> lit bel in.~ was 
uniform nnd t he flYrrap:c grnin r·ount . " " 11·<'11 a.' 
t.he grain rount di;:tribution. rcmainr·d •·oust:mt 
for H g:in'll 3H thymidine ronccr1trati on. It i;: in 
tho;:p limits that t he eri cr ia for distinguishing 
bpm·iiY from weakly la beled <·PII J•opubtion~ 
were also established. 
T he Table summ a r izes the n•mlt, obtained fo t 
the la beling index and the S p hase lnmtion Yal -
ues. The lnrter 1\'aE calru lated a• described abon 
by th ratio of hcaYily labeled cells 10 weakl: 
markPd ones, r·ount.ed on approximatf'iy :?00 In 
helPd r<'lls. Calculated tu rnm·C'r t imes :ue al;; 
indirated in the Table. An a1·crage labelin 
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Fm. I. FrPqum <-y hi;tot-'ntms o f th<> grain co un t o,·er laLeled nuclei in basal edls of th~ 
lo un~<l!l epidermis aft~r !5 minut es in vilro incuba tion wi t.b 0.5 and 20 I'Ci of 3B th,·roidinP 
l"' r ml oi medium. tlbeei•sa: da;:o inl P>Tals of the grain number. o rdinaL<> : pPr<·Pnl. oi er'l b 
m "ac·h f'la:-:s. Au lora.dl0¥r:tphs Wf\ rf' e:\po:o::r-d 10 days. 
Ftc. 2. -~ u tomd io!!:ntPh of human epidermis 
'~'~ '""'d b:• the in vitro doubi P l nbl'l in~ . :\ l> PaYilr 
lalot'l<'d and a weakh label Pel II U<:If'u, are shown . 
Fo, ·u~ is: on i he !!l' ~t in·. A Ul oradio~ritpJI \' ;IE exposed 
10 cb~-~-
indPx of +.<"r; i~ fo und (range ::l.S-5.5) " ·hich is 
111 a!!:l'f <'ment with the b1bclinp: index obt,lincd by 
<•l hl'l'- a fter in 'l'i1•o labeling (l-6). The individ-
ual ,·alut.,, a rf• quite Fimil:lr 10 Cf\C'h otber. T his 
m:ty lw a l'lrilJ11t t>d to the ftJ1•t thn t all biopsies 
W<'r(' p rforml'd '' t rhe same tim<' of rb~·. thus 
aYoi di11g: po~sibk diurnnl Y:tri :1r.inns (6). Since 
our labeli ng: index ,·,dues agret> wiU1 those of 
oth!'r au thors, a n~- dlil'erenre in I he t urno,·er 
t imP ,-alucs must li e in tbr ,.u lurE ~ tt ri but.ed to 
i'- . Therefore our cnlculn ted ttlrno,·cr time ,-alues 
mu.<l be compared with those proposed in the 
T .\IIL I. 
LtJbtli'rl{l i nde:r, 'phaM! du•·(L/irm and turnot'et· 
lim e i n h11111<m e1Jidcrmi.' (IJo .. ,·alla!lcr ) in 
Yil ro meo.-:uremtnr h~tlhe rlor4 ble 
let/Jr,/ing {(chnique 
~ . 7 
2 5 . ~ tl . 7 
3 .S 10 .fi 
4 . I 10.4 
5 5 .5 10 .1 
~. g 10. 2 
mea.n:-4 . meaH:lO 
• C<•Ull1ed on " 1•11!11 of 1.01)(1 erll~ 
Turoo,·er time 
{hour:.·· 
177 
27!1 
221J 
I 2 
20 . 
mean:21 3 
lit eratm· r. E pstein nud ~Is.ibarh (2) proposed 
the nlue of 152 ± 32 hours . b3.sed on an arbi-
trar)· S phase Yalue of ~ hour-. Turnover time, 
howen' r. \\·aR not Hsse.,;sed Jirectly, nor could the 
S phase ,-aJue be ca leulated from the wave of 
labeled miwse.s ·'cJu to t be lack of ,;ufficient 
met aphase figure;;" (:? l. Despite the latter diffi-
cult~·, \Veimt ein and Frost (5) proposed an S 
pha -c duration of 1() hourE In normal skin . entl-
u ated from the rurw of labeled mitoses in which 
the result.;; from ' normal pa tients were pooled. 
Due to the wide , ·ariation of result~. our 10 
hour ,-a Jue is alEo r•ornjxttible with tbe rurn> of 
\\einstt•in and Fro;;t . and e,·eu morf' o;o if the 
50% in1 er!'cpt is taken. as sugge:::ted by Taka-
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hashi (20) rather than 3 7 ~;, imcrntl used by t he 
abo,·e author~. The simila rity of the labeling 
index measured here, witb that ob tai ned in vivo 
by other,, supports the concl u ion that the 
b iopsy ;;r~mpl e,; kept thei r p rolifermi,·e cbarac-
t er.ist.ic;; during t.he emirc ine·ubation t ime since 
iL was measu red on the <·ell,; labeled by cbe sc(' -
ond labeling pulsPs. 
E xcellen t, agreement \\' :lS ob;;en ·ed bPt\Yer-u t he 
labeling index ,-alueo whcc her t he~· were e~mb­
lished on mate ri al labeled b~· the light dose. or 
b~- the lli o:h dos of J H t llymi diuc on ly·. o r on 
Ute double labeled mat~rial taking into acTount 
in t he latter ease the ltc'"·ily li!beled nuclei only. 
W e re.strieted our cotmts to topoc;r:.tp.b ica ll~ ­
an d r~·IOlogicalJ~- defhw cl basal ce ll s. ::'\ o attempt 
w~ m<tde to correct ou r labelin g index ,-alue 
witb respect to the influence of t he section 
thickneso (21. 22 ). Labeling im lcx ,·,dut's ma~­
underco irnate. the true labeling index bu t sime 
we made sect i on~ of -3-5 micron~ th iekness. the 
cor rection facto r m ust. he less than 1.4 . a ,-nlue 
'-'tab lished by h erson for 5-7 mi (· ron~ t h ickness. 
T his restri ction abo applies to the calrulated 
iurnoYei· time ~ i nce it is b3:oed . hcrn. a.~ in other 
work: on the mlue attributed to t he labeling 
index. 
Ho,-enr, we mentioncc.l ]Jre,,iou~ly (for redal 
a nd ga~ t ric epithelia of dogti) t hat the S pha;c 
,-alue mea:;ured in 1·itro ,,·as icl nt ica l to th3t 
yielded IJ ,- tbc " ·a,·e of I::Jbeled miw~c~ applied 
in z·ivo (1 I ) . T herefore we a re ind incd to con-
sider t hat the S plu1.oe ,-:dues p r ~e.nt eel here a re 
eorrect !mel t hat a turno,-er time of 7- 11 days 
mn~- be ascribed to tl1r hn~al hyer of tbe normal 
human skin. W i11 end to measure S ph:1sc du-
ration in epidermis of patien ls wi th pso ri asis, 
,;ince a nnwl1 higher m.i1 otic index in LhiE patho-
lo~ica l sia te aUo"-~ u~ to be more con fi dem in the 
S phase ,-alue of 8.5 hours me;1sured by W ein-
_(ci~t and F rost (3. 5). In this way. a rom pari son 
wi th our in vitro technique wi ll be made. 
The au thors wish to thank Proi. Aclnen fo r help-
fu l criticism and fo r his interest in this wo rk . 
Skillful technical assistance of Mrs. J. \'an .-h er-
maet and lV! r . J. Chretien is gmtefull )· acknowl -
edged . 
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